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(57) ABSTRACT

Provided is a multi-optical axis photoelectric sensor that can
achieve downsizing and weight reduction. The multi-optical
axis photoelectric sensor includes a case body which is
formed to have open ends and has the same cross-sectional
shape in a longitudinal direction of the multi-optical axis
photoelectric sensor; end members which are attached to one
end and the other end of the case body and each formed of a
molded article for closing an opening on each of the ends; and
an optical component which is arranged from one end to the
other end of the case body so as to be separated from an inner
face ofthe case body. The optical component has a function of
defining the spread angle of each optical axes. The optical
component and the end members are directly or indirectly
physically engaged with each other to unrotatably position
the optical component by the end members.

18 Claims, 27 Drawing Sheets
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1
MULTI-OPTICAL AXIS PHOTOELECTRIC
SENSOR WITH A CASE BODY AND MOLDED
END MEMBERS

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims foreign priority based on
Japanese Patent Application No. 2013-131190, filed Jun. 21,
2013, the contents of which is incorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a multi-optical axis pho-
toelectric sensor.

2. Description of Related Art

A multi-optical axis photoelectric sensor is used as a safety
device to monitor entry into a hazard area. A multi-optical
axis photoelectric sensor has a plurality of internal light pro-
jecting elements or light receiving elements. Further, as a
member for defining a spread angle of each optical axis (a
spread angle of detection light) of these optical elements, an
optical component including a lens or the like is disposed for
each optical axis (JP 8-45400 A, JP 2011-216372 A, and JP
2006-107797 A, for example).

JP 8-45400 A discloses a multi-optical axis photoelectric
sensor that employs a long body case which is a resin molded
article. Specifically, the body case as a resin molded article
has a detection window for each optical axis, and a lens
member is bonded to the detection window. Further, optical
elements (light receiving elements or light projecting ele-
ments) are mounted on a substrate which is housed in the
body case and extends in the longitudinal direction. The sen-
sor disclosed in JP 8-45400 A can be referred to as a multi-
optical axis photoelectric sensor with a relatively simple con-
figuration because an optical component thereof includes
only lenses. In the body case disclosed in JP 8-45400 A, the
back face side thereof is largely open, and a cover plate is
attached to the back face side of the body case after internal
components are housed inside the body case. JP 8-45400 A
discloses attaching a reinforcement member to the multi-
optical axis photoelectric sensor for preventing the warpage
thereof. The reinforcement member is a molded article
formed by press-processing, for example, a zinc-coated steel
plate. The reinforcement member has a length dimension
extending from one end to the other end of the multi-optical
axis photoelectric sensor. The reinforcement member is fixed
to the body case.

JP 2011-216372 A discloses a multi-optical axis photo-
electric sensor that has an elongated case body which is a
synthetic resin molded article. The multi-optical axis photo-
electric sensor of JP 2011-216372 A includes a substrate
which has a length extending over the entire area of a box-like
case body which is open forward. Optical elements (light
projecting elements or light receiving elements) and an opti-
cal component including lenses are mounted on the substrate.
Further, the optical element substrate is surrounded by a
reinforcement member which is made of a metal such as an
aluminum alloy, and housed in the case body. The both ends
and both sides in the longitudinal direction of the optical
element substrate are fixed to the reinforcement member, and
some parts of the optical element substrate are fastened to the
reinforcement member with screws. A power cable is con-
nected to the optical element substrate. The power cable
extends outward from an end of the case body. A cover which
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2

is made of a light transmissive synthetic resin is laser-welded
to the front opening of the box-like case body.

JP 2006-107797 A discloses a relatively robust multi-op-
tical axis photoelectric sensor. A case of the multi-optical axis
photoelectric sensor of JP 2006-107797 A includes an elon-
gated metallic case body having a U-shaped cross section,
end caps which block both ends of the case body, and a
transparent plastic plate which covers a front opening of the
case body. An internal optical component housed in the case
is unitized based on a unit of optical axis. Each unit includes
a package optical IC in addition to a member for restricting
the spread angle of an optical axis and a lens. The one-optical
axis optical units are assembled to a support frame side by
side.

A multi-optical axis photoelectric sensor is a safety device.
Therefore, there has been proposed one that defines the
spread angle only by lenses as in the multi-optical axis pho-
toelectric sensor of JP 8-45400 A. However, an object of the
regulation is the spread angle of detection light of the multi-
optical axis photoelectric sensor. Therefore, a general multi-
optical axis photoelectric sensor is provided with not only
lenses, but also an optical component for defining the spread
angle of detection light. In a multi-optical axis photoelectric
sensor that has an internal optical component, as can be seen
in JP 2011-216372 A and JP 2006-107797 A, a structure for
positioning the optical component is required.

In the multi-optical axis photoelectric sensor of JP 2011-
216372 A, there is employed the structure in which the optical
element substrate on which the optical component is mounted
is surrounded by the reinforcement member which is made of
a metal such as aluminum and positioned on the case body
which is formed in a box-like shape and made of a synthetic
resin, and housed in the case body.

In the multi-optical axis photoelectric sensor of JP 2006-
107797 A, the case body which is a metallic extrusion-
molded article having a U shape cross section. Further, there
is employed the structure in which the optical units each in the
unit of one optical axis including optical elements are posi-
tioned on the support flame with being arranged side by side,
and housed in the case body.

The larger the number of optical axes in a multi-optical axis
photoelectric sensor is, the longer the multi-optical axis pho-
toelectric sensor becomes. Therefore, a problem of warpage
of a case body becomes more serious. Therefore, as can be
seen in JP 2011-216372 A and JP 2006-107797 A, a rein-
forcement member or a support frame for substantially posi-
tioning an optical component is an important element. How-
ever, such element is an obstructive factor against downsizing
and weight reduction of a multi-optical axis photoelectric
sensor.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a multi-
optical axis photoelectric sensor that can relatively easily
achieve downsizing and weight reduction.

Itis another object the present invention to provide a multi-
optical axis photoelectric sensor that employs a case body of
an extrusion-molded article and can achieve downsizing and
weight reduction.

It is yet another object the present invention to provide a
multi-optical axis photoelectric sensor that employs a case
body of an extrusion-molded article made of a synthetic resin
and can achieve downsizing and weight reduction.

According to the present invention, the above technical
objects are achieved by providing a multi-optical axis photo-
electric sensor including:
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a plurality of optical axes arranged at a predetermined
pitch;

a case body formed to have an open first end and an open
second end, the case body having the same cross-sectional
shape in a longitudinal direction of the multi-optical axis
photoelectric sensor;

end members attached to the first end and the second end of
the case body and each formed of a molded article for closing
an opening on each of the first and second ends; and

an optical component for defining a spread angle of each of
the optical axes, the optical component being arranged from
the first end to the second end of the case body so as to be
separated from an inner face of the case body,

wherein the optical component and the end members are
directly or indirectly physically engaged with each other to
unrotatably position the optical component by the end mem-
bers, and a reference for positioning the optical axes is the end
members.

In a preferred embodiment of the present invention, the
case body is an extrusion-molded article made of a synthetic
resin. Most preferably, the case body has a closed cross sec-
tion. Typically, the case body has a generally rectangular
cross-sectional shape having two long sides facing each other
and two short sides facing each other, and grooves are formed
on end parts of the two long sides.

In a preferred embodiment of the present invention, the
optical component includes a plurality of optical units, and
each of the optical units has a plurality of optical axes. These
optical units are supported by a rigid member. Typically, the
rigid member includes a frame formed of a metal plate formed
into a three-dimensional shape. The frame continuously
extends from one end part to the other end part of the multi-
optical axis photoelectric sensor.

The other objects and effects of the present invention will
be apparent from the following detailed description of an
embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is aperspective view of a flat type multi-optical axis
photoelectric sensor of an embodiment;

FIG. 2 is a perspective view of a slim type multi-optical
axis photoelectric sensor of the embodiment;

FIG. 3 is a diagram for explaining a typical example of a
function included in the embodiment;

FIG. 4 is a diagram for explaining another typical example
of the function included in the embodiment;

FIG. 5 is a perspective view of a case body which is an
element of the flat type multi-optical axis photoelectric sensor
of the embodiment;

FIG. 6 is an end face view of the case body illustrated in
FIG. 5;

FIG. 7 is a perspective view of a case body which is an
element of the slim type multi-optical axis photoelectric sen-
sor of the embodiment;

FIG. 8 is an end face view of the case body illustrated in
FIG. 7,

FIG. 9 is an exploded perspective view of internal compo-
nents of the flat type multi-optical axis photoelectric sensor of
the embodiment;

FIG. 10 is an exploded perspective view of internal com-
ponents of the slim type multi-optical axis photoelectric sen-
sor of the embodiment;

FIG. 11 is a perspective view of a main optical unit which
is an element of the flat type multi-optical axis photoelectric
sensor;
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FIG. 12 is a perspective view of an additional optical unit
which is an element of the flat type multi-optical axis photo-
electric sensor;

FIG. 13 is a perspective view of a main optical unit which
is an element of the slim type multi-optical axis photoelectric
sensor;

FIG. 14 is a perspective view of an additional optical unit
which is an element of the slim type multi-optical axis pho-
toelectric sensor;

FIG. 15 is a perspective view of a rigid member (frame)
which is an element of the flat type multi-optical axis photo-
electric sensor;

FIG. 16 is a perspective view of a rigid member (frame)
which is an element of the slim type multi-optical axis pho-
toelectric sensor;

FIG. 17 is a diagram illustrating the optical unit, the frame,
and an end member of the flat type sensor in which illustration
of'the case body and a main control board is omitted;

FIG. 18 is a front view of the optical unit, the frame, and the
end member illustrated in FIG. 17 viewed from an optical axis
direction;

FIG. 19 is a diagram for explaining an arrangement rela-
tionship between optical elements (light receiving elements
or light projecting elements) and lenses mounted on an opti-
cal element substrate of the multi-optical axis photoelectric
sensor of the embodiment;

FIG. 20 is a perspective view illustrating a state where the
optical units are assembled to the frame and fixed thereto with
countersunk head screws;

FIG. 21 is a front view of the optical units fixed to the frame
viewed from the optical axis direction;

FIG. 22 is a perspective view of a first resilient member
(synthetic resin molded article) for the flat type sensor to be
fixed to the frame;

FIG. 23 is a perspective view of a first resilient member
(synthetic resin molded article) for the slim type sensor to be
fixed to the frame;

FIG. 24 is a cross-sectional view of the multi-optical axis
photoelectric sensor taken by cutting a body part of the first
resilient member;

FIG. 25 is a cross-sectional view of the multi-optical axis
photoelectric sensor taken by cutting a spring lip part of the
first resilient member;

FIG. 26 is a perspective view of the end member with an
inner face facing upward;

FIG. 27 is a perspective view of the end member with an
outer face facing upward;

FIG. 28 is an enlarged view of a recess formed on the inner
face of the end member;

FIG. 29 is a cross-sectional view of one end part of the
multi-optical axis photoelectric sensor;

FIG. 30 is adiagram for explaining a placement example of
the flat type multi-optical axis photoelectric sensor;

FIG. 31 is adiagram for explaining a placement example of
the slim type multi-optical axis photoelectric sensor;

FIG. 32 is a diagram illustrating an example of an auxiliary
tool for supporting an intermediate part in the longitudinal
direction of the multi-optical axis photoelectric sensor when
placing the multi-optical axis photoelectric sensor;

FIG. 33 is a diagram illustrating another example of the
auxiliary tool for supporting the intermediate part in the lon-
gitudinal direction of the multi-optical axis photoelectric sen-
sor when placing the multi-optical axis photoelectric sensor;

FIG. 34 is an exploded perspective view for explaining an
attachment member with an elastic member which can be
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attached in a one-touch operation to the end member which is
laser-welded to the end of the case body of the multi-optical
axis photoelectric sensor;

FIG. 35 is a cross-sectional view of one end part of the
multi-optical axis photoelectric sensor to which the attach-
ment member is attached;

FIG. 36 is a diagram of the one end part of the flat type
multi-optical axis photoelectric sensor to which the attach-
ment member is attached viewed from above;

FIG. 37 is a diagram for explaining a connector part pro-
vided on the end part of the multi-optical axis photoelectric
sensor and an external connector which can be connected to
the connector part;

FIG. 38 is a diagram for explaining a state of the multi-
optical axis photoelectric sensor to which the external con-
nector is connected;

FIG. 39 is a perspective view of a cover member for pre-
venting the external connector from falling off; and

FIG. 40 is a diagram for explaining a state where the cover
member is assembled to the multi-optical axis photoelectric
sensor.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENT

Embodiment

Hereinbelow, a preferred embodiment of the present inven-
tion will be described on the basis of the accompanying
drawings.

Referring to FIGS. 1 and 2, a multi-optical axis photoelec-
tric sensor 200 of the embodiment includes a case 2 as a basic
element. Two types of sensors 200F (FIG. 1) and 2008 (FIG.
2) are manufactured using cases 2 having a common basic
configuration.

As can be seen from FIGS. 1 and 2, the case 2 has an
elongated shape having a generally rectangular cross section.
The first sensor 200F of FIG. 1 uses a relatively wide face
corresponding to the long side of the rectangle as a light
projecting/receiving face 2a. The second sensor 2008 uses a
relatively narrow face corresponding to the short side of the
rectangle as a light projecting/receiving face 2a. In FIGS. 1
and 2, the first sensor 200F and the second sensor 200S are
illustrated with the light projecting/receiving faces 2a facing
downward and back faces 25 facing upward.

In comparison between FIG. 1 and FIG. 2, when viewing
the light projecting/receiving faces 2a of the first sensor 200F
(FIG. 1) and the second sensor 200S from the front, the first
sensor 200F of FIG. 1 has an outer shape with a wide width
and a shallow depth. Therefore, the first sensor 200F illus-
trated in FIG. 1 is called “flat type sensor”. On the other hand,
the second sensor 200S of FIG. 2 has an outer shape with a
narrow width and a deep depth in a front view. Therefore, the
second sensor 200S illustrated in FIG. 2 is called “slim type
sensor”.

FIGS. 3 and 4 are diagrams for explaining typical examples
of functions included in the multi-optical axis photoelectric
sensor 200 of the embodiment. Referring to FIGS. 3 and 4, the
case 2 of the multi-optical axis photoelectric sensor 200 gen-
erally includes a case body 4 which is an extrusion-molded
article and end members 6 which close both end openings of
the case body 4. An optical component 8 for defining a spread
angle of each optical axis of the multi-optical axis photoelec-
tric sensor 200 is unitized. Using a single or a plurality of
optical units, various types of multi-optical axis photoelectric
sensors 200 having different number of optical axes are
manufactured such that some have a relatively small number
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of optical axes while others have a relatively large number of
optical axes. A plurality of optical axes included in the multi-
optical axis photoelectric sensor 200 are arranged at fixed
intervals in the longitudinal direction of the multi-optical axis
photoelectric sensor 200 from one end part to the other end
part of the multi-optical axis photoelectric sensor 200. Typi-
cally, the optical axes are arranged in a row. Light projecting
elements or light receiving elements, namely, optical ele-
ments of the respective axes of the multi-optical axis photo-
electric sensor 200 may constitute a part of the optical com-
ponent 8. Alternatively, for example, a substrate (not
illustrated) on which the optical elements are mounted and
that is independent of the optical component 8 may be
arranged in adjacent to the optical component 8.

In the multi-optical axis photoelectric sensor 200 of the
embodiment, a reference for positioning the optical compo-
nent 8 is the end members 6. That is, each of the optical axes
of the multi-optical axis photoelectric sensors 200 is posi-
tioned using the end members 6 as the reference. In order to
achieve the positioning, as can be easily understood from
FIG. 3, the end members 6 and the optical component 8 are
relatively unrotatably recess-projection fitted with each other.
In the recess-projection fitting, the end members 6 and the
optical component 8 are insertable and removable in the lon-
gitudinal direction of the case 2, that is, displaceable in the
longitudinal direction of the case 2. In FIG. 3, reference sign
10 denotes a projection, and reference sign 12 denotes a
recess. In the illustrated example, the optical component 8 has
projections 10 on end faces thereof. On the other hand, each
of the end members 6 has the recesses 12.

Of course, the optical component 8 may have recesses 12,
and the end members 6 may have projections 10. Further, the
optical component 8 may have projections 10 and recesses 12,
and complementary recesses 12 and complementary projec-
tions 10 may be provided in the end members 6 so as to fit the
projections 10 and the recesses 12 of the optical component 8,
respectively, in order to restrict the rotation of the optical
component 8. Further, a plurality of recess-projection fittings
may be employed in order to prevent the relative rotation
between the end members 6 and the optical component 8. Ifa
single recess-projection fitting is employed, cross-sectional
shapes of the complementary projection 10 and recess 12 are
preferably non-circular shapes.

The above recess-projection fitting is not limited to fitting
with no allowance. For example, when a plurality of recess-
projection fittings are utilized, some may be loosely fitted
with some allowance, and others may be fitted with no allow-
ance. A typical example of the fitting with no allowance is a
so-called positioning pin. The positioning pin may be
employed for restricting the rotation of the optical component
8 with respect to the end members 6.

Positioning of the optical component 8 in the longitudinal
direction is not necessarily essential. However, it is preferred
to achieve a mechanical configuration for restricting the dis-
placement in the longitudinal direction of the optical compo-
nent 8 by designing the optical component 8 and the end
members 6 such that, for example, a part of the end of the
optical component 8 is allowed to abut on the end member 6.

The end members 6 which serve as a reference for posi-
tioning the optical axis are molded articles. The material of
the end members 6 may be a synthetic resin, or may also be a
metal such as an aluminum alloy.

A virtual line 14 illustrated in FIG. 3 indicates a rigid
member. The rigid member 14 typically includes a metallic
bar member, or a metallic frame that is formed in a three-
dimensional shape. In order to achieve weight reduction and
downsizing, for example, the frame is preferably a metal plate
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which is press-molded into a three-dimensional shape having
a generally L-shaped cross section, a generally C-shaped
cross section, or the like. The rigid member 14 extends from
one end part to the other end part of the multi-optical axis
photoelectric sensor 200. When the rigid member 14 is
employed, the optical component 8 is fixed to the rigid mem-
ber 14 with being positioned on the rigid member 14.

As can be understood from the above description, in the
example of FIG. 3, the optical component 8 is directly posi-
tioned with respect to the end members 6, and the rotation of
the optical component 8 is thereby restricted. Preferably, the
rigid member 14 is employed as a support member for the
optical component 8. As a modification, the ends of the rigid
member 14 may be fixed to the respective end members 6, and
the optical component 8 may be positioned on the rigid mem-
ber 14 as illustrated in FIG. 4. Accordingly, it is possible to
position the optical component 8 with respect to the end
members 6 through the rigid member 14 to thereby restrict the
rotation of the optical component 8. Further, both of the rigid
member 14 and the optical component 8 may be unrotatably
positioned with respect to the end members 6.

The case body 4 is an extrusion-molded article as described
above. The material of the case body 4 may be a metal (typi-
cally, an aluminum alloy), or may also be a synthetic resin
(polycarbonate) or FRP. In the case body 4 in the embodi-
ment, an amorphous resin is employed such as an acrylic
resin, a polyarylate resin, polycarbonate, polystyrene (PST),
and polyethersulfone (PES). In particular, since a polyarylate
resin is a chemical-resistant resin having a high light trans-
mittance (approximately 90%), the polyarylate resin is pref-
erably employed as the material of the case body 4. Further,
the cross-sectional shape of the case body 4 may be an open
cross-sectional shape such as a U shape, or may also be a
closed cross-sectional shape, namely, a hollow cross-sec-
tional shape as will be described later.

In an extrusion molding method, it is difficult to ensure a
high level of precision of a molded article. Therefore, it is
desirable to design the multi-optical axis photoelectric sensor
2000 as to prevent the optical component 8 incorporated into
the case body 4 from directly making contact with the case
body 4. In other words, it is preferable that the multi-optical
axis photoelectric sensor 200 is designed such that the inner
face of the case body 4 and the optical component 8 which is
housed inside the case body 4 be separated from each other.
The meaning of the term “separated” does not exclude a
configuration in which a cushion material or an adhesive such
as a double-sided adhesive tape is partially interposed
between the optical component 8 and the case body 4. As a
support structure in an intermediate part of the elongated
optical component 8, a cushion material or a resilient material
may be arranged between the optical component 8 or the
frame (rigid member 14) and the case body 4.

For example, when an extrusion-molded article having an
open cross-sectional shape such as a U cross-sectional shape
is employed as the case body 4, a light-transmissive plate
which constitutes a light projecting/receiving window thereof
is liquid-tightly joined to the case body 4 typically using an
adhesive. The adhesion region is called “waterproof line (in-
gress protection (IP) line)” in this industrial field. On the other
hand, when an extrusion-molded article having a closed
cross-sectional shape is employed as the case body 4, the
multi-optical axis photoelectric sensor 200 can be referred to
as a sensor with no IP line for a front cover (detection light
passage window member). Employing the case structure with
no IP line for a front cover (detection light passage window
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member) eliminates the necessity of employing the structure
for waterproof measures. Therefore, it is possible to achieve
downsizing of the sensor.

Case Body (FIGS. 5t0 8):

Referring back to FIGS. 1 and 2, in the multi-optical axis
photoelectric sensor 200, an extrusion-molded article having
aclosed cross-sectional shape is employed as the case body 4.
FIGS. 5 and 6 illustrate a case body 4 used in the flat type
sensor 200F illustrated in FIG. 1. FIGS. 7 and 8 illustrate a
case body 4 used in the slim type sensor 2008 illustrated in
FIG. 2. The end face shape and the size of the cross section of
the case body 4 employed in the flat type sensor 200F are
basically the same as those of the case body 4 employed in the
slim type sensor 200S as can be understood well by compar-
ing FIG. 6 with FIG. 8 as the end face diagrams.

As with a conventional multi-optical axis photoelectric
sensor, in the multi-optical axis photoelectric sensor 200 of
the embodiment, sensors having different number of optical
axes are manufactured by preparing a plurality of kinds of
case bodies 4 having different length dimensions. When com-
paring FIG. 5 with FIG. 7, the length dimension of the case
body 4 illustrated in FIG. 5 is longer than that of the case body
4 illustrated in FIG. 7. However, this is not essential. FIG. 5
merely illustrates the case body 4 of the flat type multi-optical
axis photoelectric sensor 200F having a relatively large num-
ber of optical axes. The length dimension of the case body 4
of the flat type sensor 200F and the length dimension of the
case body 4 of the slim type sensor 200S are substantially
equal to each other when a pitch between optical axes (here-
inbelow, referred to as an optical axis pitch) and the number of
optical axes of the flat type sensor 200F are equal to those of
the slim type sensor 200S.

First, the case body 4 of the flat type sensor 200F will be
described with reference to FIGS. 5 and 6. The closed cross-
sectional shape of the case body 4 is a generally rectangular
shape. Specifically, when viewing the end face thereof, the
case body 4 has two short sides 4S which are positioned
facing each other and extend straight in parallel to each other,
and two long sides 41 which positioned facing each other and,
basically, extend straight in parallel to each other. Each of'the
long sides 4L has a groove 4¢ on one end part in the cross-
sectional shape. Due to the paired grooves 4c, the case body
4 has a cross-sectional shape being deformed compared to a
geometric shape having a quadrangular cross section with
slightly rounded corners. The right and left grooves 4c, 4¢
may be symmetrically positioned, or may also be asymmetri-
cally positioned.

The case body 4 includes a visible light transmissive por-
tion 4T which is made of a transparent synthetic resin material
(polyarylate resin) and a light blocking portion 4B which is
made of a colored synthetic resin material (polyarylate resin
with a pigment). That is, the case body 4 is a molded article
formed by two-color molding. Of course, the case body 4 may
be extrusion-molded using one kind of light transmissive
resin material, and a coating material may be thereafter
applied thereto to form the light blocking potion 4B.

As can be best understood from FIG. 6, the visible light
transmissive portion 47T is, in the cross section, formed in one
of'the long sides 4L. on a corner that is far from the groove 4c,
and extends from an intermediate part of the long side 4L to
an end part of the short side 4S. Further, an intermediate part
of'the visible light transmissive portion 4T is a detection light
passage portion 4M for projecting/receiving light. In the
intermediate part, namely, the detection light passage portion
4M, two facing surfaces defining the detection light passage
portion 4M are smooth surfaces which are parallel to each



US 9,304,034 B2

9

other (that is, the detection light passage portion 4M has a
uniform thickness) and extend straight.

Reference sign R illustrated in FIGS. 6 and 8 denotes a rib
which extends in the longitudinal direction. Referring to FI1G.
6, the case body 4 of the flat type sensor (200F) has two ribs
R which are positioned on both sides of the detection light
passage portion 4M in the long side 41.. Referring to FIG. 8,
the case body 4 of the slim type sensor (200S) has two ribs R
which are positioned on both sides of the detection light
passage portion 4M in the short side 4S. In this manner, by
forming the ribs R on both sides of the detection light passage
portion 4M with the detection light passage portion 4M inter-
posed therebetween, when some object collides with the
multi-optical axis photoelectric sensor 200, it is possible to
prevent the detection light passage portion 4M from being
damaged by the object directly colliding with the detection
light passage portion 4M.

As described above, the detection light passage portion
4M, namely, a part of the multi-optical axis photoelectric
sensor 200F through which detection light passes exists in the
intermediate part of the transparent visible light transmissive
portion 4T. In other words, the design is made so that the
detection light passage portion 4M is positioned in the part
that is separated from two boundaries between the transparent
visible light transmissive portion 4T and the colored light
blocking portion 4B. Therefore, when extrusion-molding the
case body 4, a colored synthetic resin material is not mixed
into the detection light passage portion 4M.

Further, “4.9” illustrated in FIG. 6 indicates the width
dimension of the detection light passage portion 4M. There-
fore, the width of the detection light passage portion4M is 4.9
mm. In addition, “2.2” indicates that the dimension between
the detection light passage portion 4M and the corner of the
case body 4 is 2.2 mm. Further, “1.0” indicates the thickness
dimension of the detection light passage portion 4M. There-
fore, the thickness dimension of the detection light passage
portion 4M is 1.0 mm. As will be understood by a person
skilled in the art, a thickness dimension of, for example, 1.3
mm or less, in particular, the thickness dimension of 1.0 mm
of the detection light passage portion 4M in the present
embodiment is as thin as the limit thickness that enables to
ensure molding precision of the detection light passage por-
tion 4M in the extrusion molding. The thin case body 4 has a
generally rectangular cross section. However, the shape of the
generally rectangular cross section is deformed by arranging
the pair of grooves 4c¢ so as to face each other. The deforma-
tion can improve the rigidity of the case body 4.

Referring to FIGS. 7 and 8, as with the flat type sensor 200F
described above (FIGS. 5 and 6), the case body 4 having a
closed cross-sectional shape of the slim type sensor 200S
includes a visible light transmissive portion 4T which is made
of a transparent synthetic resin material and a light blocking
portion 4B which is made of a colored synthetic resin mate-
rial. However, as can be seen from FIGS. 7 and 8, in the case
body 4 of the slim type sensor 200S, one of the short sides 4S
separated from the grooves 4¢ has a part constituting the
transparent visible light transmissive portion 4T. The visible
light transmissive portion 4T extends through the corners of
the case body 4 to the ends of the long sides 4L..

It should be noted that the width of the detection light
passage portion 4M is 7.6 mm, and this width is wider than
that of the detection light passage portion 4M of the flat type
sensor F. In addition, the detection light passage portion 4M is
arranged in an intermediate part of the short side 4S. Accord-
ingly, when manufacturing the slim type sensor 2008, it is
possible to use any one of the two long sides 41 as a reference
for assembling an internal component (described later)
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thereto. That is, referring to FIG. 8, an internal component
may be assembled by using the upper long side 4L as a
reference. Alternatively, even when an internal component is
assembled by using the lower long side 4L as a reference, a
problem does not occur in projecting/receiving light.

Inboth of the flat type sensor 200F and the slim type sensor
2008, the shape of a part other than the detection light passage
portion 4M in the case body 4, that is, the shape of a part other
than the detection light passage portion 4M in the long sides
41, and the short sides 4S may be any shape. For example, the
long sides 41, and the short sides 4S may have a curved shape,
ormay also have a wave shape. Of course, an area occupied by
the multi-optical axis photoelectric sensor 200 can be reduced
by employing the shape of the case body 4 as illustrated in
FIGS. 5 to 8, namely, by forming the outer faces of the long
sides 4L and the short sides 4S into flat faces. That is, it is
possible to make the multi-optical axis photoelectric sensor
200 compact.

Internal Structure of Multi-Optical Axis Photoelectric Sen-
sor 200 (FIGS. 9 and 10):

FIG. 9 illustrates the internal structure of the flat type
sensor 200F. FIG. 10 illustrates the internal structure of the
slim type sensor 200S. The internal structures of the flat type
sensor 200F and the slim type sensor 2008 are basically the
same as each other. Therefore, common members are denoted
by the same reference sign. Further, “F” is appended to mem-
bers of the flat type sensor 200F, and “S” is appended to
members of the slim type sensor 2008S.

The multi-optical axis photoelectric sensor 200 of the
embodiment includes the optical component 8 for generating
an optical axis having a predetermined spread angle, an opti-
cal element substrate 20 which is fixed to the optical compo-
nent 8, a main control board 22, and the frame 14 formed by
press-molding a metal plate.

Optical Unit 16 (FIGS. 11 to 14):

The optical component 8 described with reference to FIGS.
3 and 4 includes an optical unit 16. As the optical unit 16, an
eight-optical axis unit and a four-optical axis unit are pre-
pared. Of course, the number of optical axes of the optical unit
16 may be any number. The multi-optical axis photoelectric
sensor 200 of the embodiment can be provided with a large
number of optical axes by combining the eight-optical axis
unit and the four-optical axis unit. Reference sign 24 denotes
a lens. Optical axes Oa of the optical unit 16 are arranged in
arow at equal intervals in the longitudinal direction. FIGS. 11
and 12 illustrate an optical unit 16F which is incorporated into
the flat type sensor 200F. An optical unit 16F(m) illustrated in
FIG. 11 is a main optical unit, and an optical unit 16F(ad)
illustrated in FIG. 12 is an additional eight-optical axis unit.
In addition, a four-optical axis unit is also prepared as the
additional optical unit 16F(ad). FIGS. 13 and 14 illustrate an
optical unit 16S which is incorporated into the slim type
sensor 200S. An optical unit 16S(m) illustrated in FIG. 13 is
a main optical unit, and an optical unit 16S(ad) illustrated in
FIG. 14 is an additional four-optical axis optical unit. In
addition, an eight-optical axis unit is also prepared as the
additional optical unit 16S(ad). These optical units 16 of
FIGS. 11 to 14 are units before lenses 24 are attached thereto.

Optical Element Substrate 20 (FIGS. 9 and 10):

The optical element substrate 20 includes a main element
substrate 20(m), an additional element substrate 20(ad) for
eight optical axes, and an additional element substrate 20(ad)
for four optical axes. Depending on the number of optical
axes of the multi-optical axis photoelectric sensor 200, the
eight-axis additional element substrate 20(ad) and/or the
four-optical axis additional element substrate 20(ad) is
assembled thereto. Optical elements 26 each of which
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includes a light receiving element or a light projecting ele-
ment are mounted on the optical element substrate 20. Also as
the optical element substrate 20, the main optical element
substrate 20(m) and the additional element substrate 20(ad)
are prepared. The optical elements 26 are arranged in a row at
equal intervals in the longitudinal direction of the multi-
optical axis photoelectric sensor 200. The optical element
substrate 20 is fixed to the optical component 8 with a screw
28. Further, in a plurality of optical element substrates 20,
element substrates 20, 20 that are adjacent to each other are
electrically connected to each other through a card electric
wire 30.

Frame 14 (FIGS. 15 and 16)

Referring to FIGS. 15 and 16 in addition to FIGS. 9 and 10,
as described above, the frame 14 has a three-dimensional
shape which is formed by press-molding a metal plate. FIG.
15 illustrates a frame 14F of the flat type sensor 200F. The
frame 14F has a generally [-shaped cross section. FIG. 16
illustrates a frame 14S of the slim type sensor 200S. The
frame 14S has a generally [-shaped cross section. The frame
14 preferably has a length dimension that continuously
extends from one end part to the other end part of the multi-
optical axis photoelectric sensor 200. A dedicated frame 14 is
prepared for each of the multi-optical axis photoelectric sen-
sors 200 having different lengths.

The optical unit 16 described above is fixed to the frame 14
at a predetermined position using a countersunk head screw
32. By using the countersunk head screw 32, the optical unit
16 can be screw-fixed to the frame 14 with a screw head not
protruding outward from an outer plate face of the frame 14.
Accordingly, it is possible to reduce the separation distance
between the frame 14 and the case body 4 into an extremely
small dimension. Therefore, the cross-sectional area of the
case body 4 can be reduced. That is, the usage of the coun-
tersunk head screw 32 can contributes to the downsizing of
the multi-optical axis photoelectric sensor 200.

In the multi-optical axis photoelectric sensor 200 in which
a plurality of optical components 8 are arranged in a row,
every two adjacent optical units 16, 16 are fixed to the frame
14 with being separated from each other. Of course, a struc-
ture in which every two adjacent optical units 16, 16 are
coupled to each other may be employed. The optical axis
pitch of the multi-optical axis photoelectric sensor 200 is
constant in both of the structure in which the optical units 16
are coupled to each other and the structure in which the
optical units 16 are arranged with being separated from each
other as in the embodiment.

The main control board 22 has a function of collectively
controlling the multi-optical axis photoelectric sensor 200.
The main control board 22 is screw-fixed to one end part of
the frame 14 in adjacent to the main optical element substrate
20(m).

Referring to FIGS. 9 and 10, an extension connector sub-
strate 34 is arranged on the other end part of the frame 14.
Although the extension connector substrate 34 may be screw-
fixed to the frame 14, the extension connector substrate 34 is
soldered to the frame 14 in this embodiment. A connector 82
(FIG. 37) of an external cable 84 accesses the extension
connector substrate 34. The extension connector substrate 34
is connected to another multi-optical axis photoelectric sen-
sor 200 or a control device using the external cable 84. A
typical example of connection using the cable 84 is as fol-
lows.

(1) A multi-optical axis photoelectric sensor 200 on a light
projecting side and a counterpart multi-optical axis photo-
electric sensor 200 on a light receiving side are connected to
each other through the cable 84, and a light blocking signal is
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output to an external device from the light-receiving side
multi-optical axis photoelectric sensor 200 though the cable
84.

(2) A plurality of light-projecting side sensors 200 are
connected in series through the cable 84, and a plurality of
light-receiving side sensors 200 are connected in series
through the cable 84. Further, a light blocking signal is output
to an external device from a head light-receiving side multi-
optical axis photoelectric sensor 200 through the cable 84.

Each of display light emitting elements 36 is mounted
between corresponding optical elements 26 on the optical
element substrate 20. The display light emitting elements 36
are arranged on the row of the optical elements 26. However,
the display light emitting elements 36 may be arranged so as
to be offset from the row of the optical elements 26.

FIGS. 17 to 19 illustrate, as a representative example, the
flat type sensor 200F to which the optical unit 16F, the optical
element substrate 20F, and the frame 14F are assembled. FIG.
17 is a perspective view viewed obliquely from above. FIG.
18 is a front view of the optical unit 16F. FIG. 19 is a diagram
illustrating the relative positional relationship between the
optical elements 26 and the lenses 24 on the optical element
substrate 20F. In FIGS. 17 to 19, reference sign 38 denotes a
display lamp, and reference sign 40 denotes an operation
display lamp. Further, reference sign 42 of FIG. 19 denotes a
light emitting element for the operation display lamp.

As can be seen well from FIGS. 18 and 21, the display
lamps 38 and the operation display lamps 40 are arranged
between the lenses 24 (optical axes Oa) which are arranged in
a row at a fixed optical axis pitch. Light from these display
lamps 38 and operation display lamps 40 can be visually
recognized through the visible light transmissive portion 4T
(FIGS. 6 and 8) of the case body 4. In the cross section of the
case body 4, the detection light passage portion 4M is
arranged in the intermediate part of the visible light transmis-
sive portion 47T. In other words, the width occupied by the
visible light transmissive portion 47T is larger than that occu-
pied by the detection light passage portion 4M. As can be seen
from FIGS. 6 and 8, the visible light transmissive portion 4T
extends to the corner of the case body 4 having a generally
rectangular cross section, and further extends to a face that is
adjacent to the face on which the detection light passage
portion 4M is formed. Therefore, light emitted from the dis-
play lamps 38 and the operation display lamps 40 can be
visually recognized not only through the face on which the
detection light passage portion 4M is formed, but also the face
adjacent thereto. Therefore, lighting of the display lamps 38
and the operation display lamps 40 can be confirmed from a
wide range. That is, while downsizing the multi-optical axis
photoelectric sensor 200 by arranging the display lamps 38
and the operation display lamps 40 between the optical axes,
it is possible to improve the visibility of lighting of the display
lamps 38 and the operation display lamps 40 of the multi-
optical axis photoelectric sensor 200. Of course, each of the
corners of the case body 4 may be rounded to have an arch-
shaped cross section. Further, the case body 4 may have a
generally quadrangular shape such as a shape having a gen-
erally square cross section.

Further, as can be seen from FIGS. 18 and 21, the display
lamps 38 are arranged at an approximately equal pitch from
one end part to the other end part in the longitudinal direction
of the multi-optical axis photoelectric sensor 200. In other
words, the display lamps 38 are evenly arranged in the lon-
gitudinal direction of the multi-optical axis photoelectric sen-
sor 200. Therefore, the display lamps 38 can be lit for indi-
cating the propriety of optical axis adjustment, or for



US 9,304,034 B2

13

indicating an operation instruction to an operator by a control
signal from an external device.

Support Structure of Frame 14:

Referring to FIGS. 9 and 10, a first resilient member 46 is
arranged between every adjacent two optical units 16, 16 and
between every adjacent two element substrates 20, 20. The
first resilient member 46 is fixed to the frame 14 with a screw.
As the screw, the countersunk head screw 32 for fixing the
optical element substrate 20 to the frame 14 is used. That is,
the optical element substrate 20 and the first resilient member
46 are fastened together to the frame 14 with the countersunk
head screw 32 (FIGS. 20, 21, and 25). FIGS. 22 and 23 are
simplicial diagrams of the first resilient member 46. FIG. 22
illustrates a first resilient member 46F which is assembled to
the flat type sensor 200F. FIG. 23 illustrates a first resilient
member 46S which is assembled to the slim type sensor 200S.
Referring to FIGS. 24 and 25, the first resilient member 46 is
a synthetic resin molded article that includes a first spring lip
46a and a second spring lip 465 which is located across a
standing wall of the frame 14. In the first resilient member 46
as a resin spring, the first spring lip 46a extends toward a long
side 4L of the case body 4 so as to abut on the long side4L.. On
the other hand, the second lip 465 extends toward a short side
48 of the case body 4 so as to abut on the short side 4S. FIG.
24 is a diagram of the first resilient member 46 viewed from
the longitudinal direction of the multi-optical axis photoelec-
tric sensor 200 inside the multi-optical axis photoelectric
sensor 200. FIG. 25 is a partial cross-sectional view of the first
resilient member 46. Due to drawing reasons, FIGS. 24 and
25 illustrate a state where the long side 4L of the case body 4
and the frame 14 are in contact with each other. However,
actually, the case body 4 and the frame 14 are slightly sepa-
rated from each other.

End Member 6 (FIGS. 19 and 26 to 29):

The end member 6 is a plate-like molded article, and made
of a synthetic resin material. FIG. 26 is a diagram of the end
member 6 obliquely viewed from above with the inner face
facing upward. FIG. 27 is a diagram of the end member 6
obliquely viewed from above with the outer face facing
upward. Referring to FIG. 26 which illustrates the inner face
6a of the end member 6, the plate-like end member 6 has a
single recess 50 formed on the inner face 6a. FIG. 28 illus-
trates the recess 50 in an enlarged manner. The end member 6
is applied to both of the flat type sensor 200F and the slim type
sensor 200S. The recess 50 has a square cross-sectional shape
in a front view. A plurality of projection lines 52 are formed
on four wall surfaces 50a of the recess 50. The projection
lines 52 extend in the longitudinal direction of the multi-
optical axis photoelectric sensor 200, and define a substantial
effective cross-sectional area of the recess 50.

The recess 50 (FIGS. 26 and 28) formed on the inner face
6a of the end member 6 is used for positioning an optical unit
16 which constitutes an end part of the optical component 8
(FIGS. 3 and 4). As can be understood well by referring to
FIGS. 11 to 14, a positioning projection 54 is formed on each
end of the optical unit 16. The positioning projection 54 is
received in the recess 50 formed on the inner face 6a of the
end member 6. The cross-sectional shape of the positioning
projection 54 is a square shape, and the cross-sectional area
thereof is equal to the substantial effective cross-sectional
area of the recess 50 of the end member 6. Therefore, the
projection 54 of the optical unit 16 can be fitted with the
recess 50 of the end member 6, and can displace in the
longitudinal direction of the multi-optical axis photoelectric
sensor 200 (FIG. 29). The recess 50 and the projection 54
have complementary square cross sections. That is, since the
recess 50 and the projection 54 have complementary non-

5

10

15

20

25

30

35

40

45

50

55

60

65

14

circular cross-sectional shapes, the rotation of the optical unit
16 is restricted by the end member 6.

The plate-like end member 6 is formed into a rectangular
shape having substantially the same dimension as the end face
of'the case body 4. The end member 6 is aligned with the end
face of the case body 4 and welded thereto, for example, by
laser. By aligning the end member 6 with the end face of the
casebody 4, the end member 6 can be substantially positioned
with respect to the case body 4. A positioner for positioning
the end member 6 with respect to the case body 4 may be
provided, for example, in the end member 6. Specifically, for
example, a positioning projection which is engaged with the
end inner face ofthe case body 4 may be provided onthe inner
face 6a of the end member 6.

Referring to FIG. 27 which illustrates the outer face 65 of
the end member 6, a second recess 56 is formed on the outer
face 65 of the end member 6. The second recess 56 has a
non-circular shape, for example, an elliptical shape in a front
view. A plurality of projection lines 58 are formed also in the
second recess 56. Each of the projection lines 58 extends in
the longitudinal direction of the multi-optical axis photoelec-
tric sensor 200. The second recess 56 is used for the attach-
ment of an attachment member 70 (described later).

Placement Example of Multi-Optical Axis Photoelectric
Sensor 200 (FIGS. 30 and 31):

A placement example of the multi-optical axis photoelec-
tric sensor 200 of the embodiment will be described with
reference to FIGS. 30 and 31. FIGS. 30 and 31 are diagrams
of an apparatus 62 as a hazard source viewed from above.
Three sides of the apparatus 62 are surrounded by a wall 64.
The multi-optical axis photoelectric sensors 200 are placed in
an opening part 66 of the hazard area.

FIG. 30 illustrates an example in which the flat type sensors
200F are placed on the inner face of the wall 64. Even when
the multi-optical axis photoelectric sensors 200 are placed on
the inner face of the wall 64 or a pillar, by using the thin flat
type sensors 200F, it is possible to reduce the reduction in the
opening area of the opening part 66 caused by the placement
of the multi-optical axis photoelectric sensors 200 as far as
possible.

FIG. 31 illustrates an example in which the slim type sen-
sors 2008 are placed on the front face of the wall 64 or a pillar.
Even when the multi-optical axis photoelectric sensors 200
are placed on the wall 64 or a pillar, by using the slim type
sensors 2008, it is possible to reduce the projection amount of
the multi-optical axis photoelectric sensors 200 which project
forward from the wall 64 or the pillars. In such placement, the
multi-optical axis photoelectric sensors 200 do not narrow the
opening of the opening part 66 of the hazard area.

Placement Auxiliary Tool (FIGS. 32 and 33)

When the multi-optical axis photoelectric sensor 200 is a
long sensor, even if both ends thereof are fixed, an interme-
diate part in the longitudinal direction thereof may be warped.
Auxiliary tools for preventing the warpage are illustrated in
FIGS. 32 and 33. FIG. 32 illustrates a first placement auxil-
iary tool 94. FIG. 33 illustrates a second placement auxiliary
tool 96. The first and second placement auxiliary tools 94, 96
are formed by press-molding a metal plate, and basically have
the same configuration. Therefore, the same elements are
denoted by the same reference sign. Each of the placement
auxiliary tools 94, 96 has a flat base portion 94a and a stand-
ing portion 945 standing from the base portion 94a. Further,
claws 94c¢ are formed on the base end and the upper end of the
standing portion 944.

Further, two bolt insertion holes 94d which are separated
from each other are formed on the base portion 94a. Further,
the first placement auxiliary tool 94 has a third bolt insertion
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hole 94e. These three bolt insertion holes 94d, 94d, 94e are so
called loose holes. The first placement auxiliary tool 94 is
bolt-fixed to the wall 64 or a pillar using these bolt insertion
holes 94d, 94d, 94e. In the second placement auxiliary tool
96, a slit 94f'is formed in addition to the two bolt insertion
holes 94d, 94d. The second placement auxiliary tool 96 is
fixed to the wall 64 or a pillar using the two bolt insertion
holes 944, 944 and the slit 94/

The first placement auxiliary tool 94 or second placement
auxiliary tool 96 is previously fixed to the wall 64 or a pillar.
Further, the multi-optical axis photoelectric sensor 200 is
unrotatably positioned and fixed to the first placement auxil-
iary tool 94 or second placement auxiliary tool 96 by engag-
ing the claws 94¢ of the auxiliary tool 94 or 96 with the pair
of grooves 4c of the case body 4.

The first and/or second placement auxiliary tools 94, 96 are
appropriately selected depending on a placement face for
placing thereon the multi-optical axis photoelectric sensor
200. As necessary, a single or a plurality of placement auxil-
iary tools 94, 96 are arranged on the wall 64 or a pillar for a
single multi-optical axis photoelectric sensor 200.

Attachment Member 70 as Attachment (FIGS. 34 and 35):

Referring to FIGS. 1, 2, and 34, on one end and the other
end of the multi-optical axis photoelectric sensor 200, attach-
ment members 70 are each detachably fixed to the end mem-
ber 6 with an elastic member (a cushion member made of
rubber, for example) 72 interposed therebetween. The attach-
ment member 70 as an attachment has a through hole 70a
which are open on flat faces which face each other and are
parallel to each other. The multi-optical axis photoelectric
sensor 200 can be fixed to the wall 64 or a pillar (FIGS. 30 and
31) using a bolt as a fastening tool inserted into the through
hole 70a. When the attachment member 70 is made of a
synthetic resin, a washer is preferably interposed between the
attachment member 70 and the placement face, namely, on
the bearing surface of the attachment member 70 when plac-
ing the multi-optical axis photoelectric sensor 200. By insert-
ing the washer on the bearing surface of the attachment mem-
ber 70, when the attachment member 70 made of a synthetic
resin is fixed to the placement face with a bolt, it is possible to
prevent the attachment member 70 from being damaged due
to the fastening torque of the bolt. The attachment member 70
has an inclined face 705 having an inclination angle of 45°.
When two adjacent multi-optical axis photoelectric sensors
200 are arranged in perpendicular to each other, the two
adjacent multi-optical axis photoelectric sensors 200 can be
arranged in an L shape by allowing the inclined faces 705 to
abut on each other. It is preferred to design the attachment
member 70 so that a pitch between an optical axis on an end
of one of the two adjacent multi-optical axis photoelectric
sensors 200 and an optical axis on an end of the other one of
the two adjacent multi-optical axis photoelectric sensors 200
in the [-shaped arrangement becomes equal to or smaller
than the optical axis pitch of the multi-optical axis photoelec-
tric sensor 200.

The attachment member 70 has a projection 74 which is
formed on a face facing the end member 6 and projects toward
the end member 6 (FIG. 35). The projection 74 has a shape
complementary to the shape of the second recess 56 (FIG. 27)
of the end member 6, and is recess-projection fitted with the
second recess 56 so as to be detachable in the longitudinal
direction of the multi-optical axis photoelectric sensor 200.
As can be seen from FIG. 27, the second recess 56 of the end
member 6 has a non-circular shape, for example, an elliptical
shape in a front view. Therefore, the projection 74 of the
attachment member 70 also has an elliptical cross-sectional
shape in a front view. Therefore, by the recess-projection
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fitting between the projection 74 and the second recess 56
(FIG. 35), the rotation of the attachment member 70 is
restricted by the end member 6. Accordingly, the relative
relationship between the axis of the through hole 70a of the
attachment member 70 (the axis of a bolt to be inserted into
the through hole 704a) and the optical axis Oa can be estab-
lished as a predetermined promised relationship.

The attachment member 70 is a molded article. Although
the material of the attachment member 70 may be a metal, a
synthetic resin is used in the embodiment. As a most preferred
mode, the attachment member 70 as an attachment has a hook
76, and the attachment member 70 can be fixed in a one-touch
operation to the end member 6 using the hook 76 without
using a screw. Of course, the attachment member 70 may be
fixed to the end member 6 using a screw, or the attachment
member 70 and the end member 6 may also be formed as an
integrally molded article (one-piece article).

As described above, the end member 6 is laser-welded to
the case body 4. The end member 6 has a size that allows one
end thereof to project outward from the end face of the case
body 4 (FIG. 35). A claw 76a of the hook 76 is locked with the
outwardly-projecting end of the end member 6 (FIGS. 35 and
36). That is, when projection 74 of the attachment member 70
is pushed into the second recess 56 of the end member 6, the
hook 76 is warped and deformed, and the claw 764 climbs on
the edge of the outwardly-projecting end of the end member
6 in the process of the pushing-in operation. When the attach-
ment member 70 is further pushed into the second recess 56,
the claw 764 climbs over the edge ofthe end member 6. Along
with the climbing-over action, the hook 76 is elastically
returned, and the claw 76a is thereby engaged with the out-
wardly-projecting end of the end member 6. The additional
pushing-in operation involves compressive deformation of
the elastic member 72 which is interposed between the end
member 6 and the attachment member 70. Once the hook 76
is engaged with the end member 6, the engagement state
between the hook 76 and the end member 6 is maintained by
the restoring force of the elastic member 72. Of course, by
performing an operation for pulling out the attachment mem-
ber 70 while applying an external force in the direction for
expanding the hook 76, the attachment member 70 can be
removed.

The elastic member 72 has a role of absorbing expansion
and contraction in the longitudinal direction of the case body
4 caused by temperature change. For example, when the case
body 4 expands in the longitudinal direction due to thermal
expansion, the expansion in the longitudinal direction of the
casebody 4 caused by temperature change can be absorbed by
the elastic member 72 being compressed.

As can be best understood from FIG. 34, needless to say, a
through hole 72a which allows the projection 74 of the attach-
ment member 70 to pass therethrough is formed on the elastic
member 72. Further, the elastic member 72 has a slit 724
which is formed on one end part, namely, the end part oppo-
site to the hook 76 of the attachment member 70. The elastic
member 72 is assembled to the attachment member 70 using
the slit 725.

The attachment member 70 as an attachment will further be
described with reference to FIG. 34. The attachment member
70 has a projection piece 78 which is formed on the end
opposite to the hook 76. By inserting the projection piece 78
into the slit 725 of the elastic member 72, the elastic member
72 is prevented from falling off the attachment member 70.

Referring to FIGS. 37 and 38, the hook 76 of the attach-
ment member 70 has a cable insertion portion 765 which is
formed in an intermediate part of the hook 76 and extends in
the longitudinal direction of the multi-optical axis photoelec-
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tric sensor 200 in a plan view. The external cable 84 is
arranged on the cable insertion portion 765. That is, the hook
76 has a fork shape in a plan view, and the cable 84 of the
connector 82 is housed in the cable insertion portion 765 of
the hook 76.

Reference sign 80 illustrated in FIGS. 26, 27 and the like
denotes a mark formed by, for example, cutout. The end
member 6 is used in both of the flat type sensor 200F and the
slim type sensor 200S. Therefore, it is preferred to provide at
least any one of a first mark 80a and a second mark 805 for the
end member 6. The first mark 80q indicates the side in which
an optical axis row of the flat type sensor 200F exists. The
second mark 805 indicates the side in which an optical axis
row of the slim type sensor 200S exists.

The multi-optical axis photoelectric sensor 200 may be
sold without the attachment member 70, or may also be sold
with the attachment member 70 assembled thereto. When the
multi-optical axis photoelectric sensor 200 is sold with the
attachment member 70 previously assembled thereto as illus-
trated in FIGS. 1 and 2, a user can immediately place the
obtained multi-optical axis photoelectric sensor 200 in the
mode as described with reference to FIGS. 30 and 31. Of
course, since the attachment member 70 is integrated with the
multi-optical axis photoelectric sensor 200, when a reference
is correctly set on the placement face of the wall 64 or a pillar
surrounding a hazard source on which the multi-optical axis
photoelectric sensor 200 is to be placed, the multi-optical axis
photoelectric sensor 200 can be operated immediately after
the placement without performing adjustment of optical axes
thereof. In a conventional placement operation using a metal
fitting, even if the wall 64 or a pillar is provided with a
placement face on which the reference is correctly set, an
optical axis adjustment operation is essential. On the other
hand, in the multi-optical axis photoelectric sensor 200 of the
embodiment, by shipping the multi-optical axis photoelectric
sensor 200 to which the attachment member 70 is previously
assembled, a use can operate the obtained multi-optical axis
photoelectric sensor 200 immediately after the placement
thereof. Further, a placement operation of the multi-optical
axis photoelectric sensor 200 can be simplified. This is one of
advantages obtained by designing the attachment member 70
and the optical axes Oa using a common reference (end mem-
ber 6).

In particular, in the multi-optical axis photoelectric sensor
200 of the embodiment, the optical component 8, namely, the
optical axes Oa are positioned using the end member 6 as a
reference, and the attachment member 70 is positioned using
the end member 6 as a reference as described above. There-
fore, the attachment member 70 is in an aligned state with the
optical axes Oa through the end member 6. This is also a
factor that makes it possible to contribute to the simplification
of the placement operation of the multi-optical axis photo-
electric sensor 200 using the attachment member 70.

Cable Connection (FIGS. 1, 2, and 37):

Reference sign 82 illustrated in FIGS. 1 and 2 denotes an
external connector. In FIGS. 1 and 2, electrical connection
between a plurality of multi-optical axis photoelectric sensors
200 and electrical connection between the multi-optical axis
photoelectric sensor 200 and a control device are performed
through the cable 84 (FIG. 37) extending from the external
connector 82. Further, the cable 84 may be integrated with the
multi-optical axis photoelectric sensor 200. In this case, it is
preferred that the cable 84 extends inside and outside the
multi-optical axis photoelectric sensor 200 through the
through hole of the end member 6.

As can be best understood from FIGS. 29 and 35, a manual
switch 86 is disposed in adjacent to a connector pin 34a of the
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extension connector substrate 34. The manual switch 86
includes a slide type switch. Operation modes of the multi-
optical axis photoelectric sensor 200 can be switched by the
switch 86. The case body 4 has a connector opening 88 which
receives the external connector 82 and is formed at a position
facing the connector pin 34a. The manual switch 86 is
attached to one end part of the connector opening 88 (FIG.
37).

A body of the external connector 82 is a synthetic resin
molded article. The external connector 82 is constructed by
incorporating a connector component 82a (FIG. 37) into the
body thereof. The external connector 82 has an elongated
box-like shape having a width dimension that is slightly
shorter than the short side 4S of the case body 4 of the
multi-optical axis photoelectric sensor 200. A cover member
90 is prepared separately from the external connector 82. The
upper face and both side faces of the external connector 82 are
surrounded by the cover member 90.

Cover Member 90 (FIGS. 39 and 40):

FIG. 39 is a perspective view of the external connector
cover member 90. The external connector cover member 90 is
formed by press-molding a metallic plate material. The cover
member 90 has a top face 90a which corresponds to the upper
face of the external connector 82 and leg portions 905 which
extend downward from the respective side edges of the top
face 90a. Each of the leg portions 905 has a height dimension
that is larger than the height dimension of the external con-
nector 82. A claw 90c¢ which is molded to be bent inward is
formed on the lower end of each of the leg portions 905.
Further, two spring pieces 90d which are formed by being cut
and raised are formed on the top face 90a. The two spring
pieces 90d, 90d are arranged so as to be separated from each
other in the longitudinal direction of the external connector
82.

The external connector cover member 90 is previously
attached to the case body 4 (FIG. 40). The attachment is
performed by locking the claws 90c¢ of the cover member 90
with the grooves 4¢ of the case body 4. The cover member 90
attached to the case body 4 is guided by the grooves 4¢, and
thereby slidable in the longitudinal direction of the multi-
optical axis photoelectric sensor 200.

As can be best understood from FIG. 38, the external
connector 82 has a length dimension and a width dimension
enough to completely cover the connector opening 88 of the
casebody 4. Reference sign 82¢ of FIG. 37 denotes arecessed
part which is formed on the bottom face of the external
connector 82. A seal material (water stop packing, which is
not illustrated) is attached to the recessed part 82¢. After
connector-coupling the external connector 82 to the multi-
optical axis photoelectric sensor 200, the external connector
cover member 90 is slid to surround the external connector 82
by the cover member 90. In a state where the external con-
nector 82 is surrounded by the cover member 90, it is possible
to prevent the external connector 82 from falling off the
multi-optical axis photoelectric sensor 200 by virtue of the
cover member 90.

Further, the seal material attached to the recessed part 82¢
of the external connector 82 is brought to be close contact
with the area around the connector opening 88 of the case
body 4. This close contact state is maintained by the two
spring pieces 90d (FIG. 39) of the connector cover member
90. That is, the external connector 82 is biased by the spring
pieces 904 of the cover member 90 in a direction approaching
the case body 4. A virtual line 92 of FIG. 37 indicates an IP
line. As can be seen From FIG. 37, the IP line surrounds a
connector coupling part and the manual switch 86 for the
mode switching.
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As a modification of the cover member 90, there may be
employed a configuration obtained such that, after the exter-
nal connector 82 is connector-coupled to the multi-optical
axis photoelectric sensor 200, the cover member 90 is
attached to snap-engage the claws 90c of the cover member
90 with the grooves 4c¢ of the case body 4.

The above cover member 90 is merely an example. Further,
a technical idea such as sealing the connector opening 88 of
the case body 4 while preventing the external connector 82
from falling off is not limited to the case where the case body
4 is an extrusion-molded article. The above technical idea can
be applied to a sensor case which is made of a metal or a
synthetic resin and provided with the connector opening 88.
In the above example, the cover member 90 has a locking
portion (claws 90¢) which can be engaged with and disen-
gaged from the case body 4, and the cover member 90 is
snap-engaged with the case body 4 by the locking portion.
Therefore, the case body 4 is only required to have a step
(grooves 4c¢) which is engaged with the locking portion
(claws 90) of the cover member 90. Further, when employing
a configuration in which the cover member 90 is united with
the external connector 82 not by the snap-engagement, but by
a slide method, the spring property of the leg portions 9056 of
the cover member 90 is not essential, and the leg portions 905
may not have a spring property.

Further, in the above example, there is employed the con-
figuration in which the external connector 82 is biased in the
pushing-in direction by the spring pieces 904 which are
formed on the top face 90a of the cover member 90 by being
cut and raised. However, for example, an elastic member
(rubber) may be arranged on the top face 90a of the cover
member 90, and the external connector 82 may be biased in
the pushing-in direction by the elastic member.

Although the cover member 90 is formed by press-process-
ing a metal plate in view of cost, the cover member may, of
course, be a synthetic resin molded article. In the above
embodiment, as described above, there is employed the con-
figuration in which the recessed part 82¢ is provided in the
external connector 82, and the seal material is attached to the
recessed part 82¢ to thereby bring the seal material to be close
contact with the case body 4. However, a structure in which a
seal material is attached to the case body 4 may also be
employed.

The preferred embodiment of the present invention has
been described above. In the described embodiment, when all
optical axes of a single multi-optical axis photoelectric sensor
200 are light receiving element optical axes, the multi-optical
axis photoelectric sensor 200 functions as an optical receiver.
On the other hand, when all optical axes are light projecting
element optical axes, the multi-optical axis photoelectric sen-
sor 200 functions as an optical projector. As an modification,
there may be employed a configuration in which half of the
optical elements 26 included in a single multi-optical axis
photoelectric sensor 200 are composed of light receiving
elements, and the other half of the optical elements 26 are
composed of light projecting elements so that a half of the
single multi-optical axis photoelectric sensor 200 functions
as an optical receiver, and the other half of the single multi-
optical axis photoelectric sensor 200 functions as an optical
projector.

What is claimed is:

1. A multi-optical axis photoelectric sensor comprising:

a plurality of optical axes arranged at a predetermined
pitch;

a case body formed to have an open first end and an open
second end, the case body having the same cross-sec-
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tional shape in a longitudinal direction of the multi-
optical axis photoelectric sensor;

end members attached to the first end and the second end of
the case body and each formed of a molded article for
closing an opening on each of the first and second ends;
and

an optical component for defining a spread angle of each of
the optical axes, the optical component being arranged
from the first end to the second end of the case body so
as to be separated from an inner face of the case body,

wherein the optical component and the end members are
directly or indirectly physically engaged with each other
to unrotatably position the optical component by the end
members, and a reference for positioning the optical
axes is the end members,

wherein the optical component and the end members are
relatively unrotatably recess-projection fitted with each
other, and the recess projection fitting is insertable and
removable in the longitudinal direction of the multi-
optical axis photoelectric sensor.

2. A multi-optical axis photoelectric sensor comprising:

a plurality of optical axes arranged at a predetermined
pitch;

a case body formed to have an open first end and an open
second end, the case body having the same cross-sec-
tional shape in a longitudinal direction of the multi-
optical axis photoelectric sensor;

end members attached to the first end and the second end of
the case body and each formed of a molded article for
closing an opening on each of the first and second ends;

an optical component for defining a spread angle of each of
the optical axes, the optical component being arranged
from the first end to the second end of the case body so
as to be separated from an inner face of the case body,
wherein the optical component and the end members are
directly or indirectly physically engaged with each other
to unrotatably position the optical component by the end
members, and a reference for positioning the optical
axes is the end members, and

a rigid member continuously extending in the longitudinal
direction from one end part to the other end part of the
multi-optical axis photoelectric sensor, wherein the opti-
cal component is positioned on the rigid member, and
the rigid member includes a frame formed of a metal
plate formed into a three-dimensional shape.

3. The multi-optical axis photoelectric sensor according to
claim 2, wherein the optical component and the end members
are relatively unrotatably recess-projection fitted with each
other, and the recess-projection fitting is insertable and
removable in the longitudinal direction of the multi-optical
axis photoelectric sensor.

4. The multi-optical axis photoelectric sensor according to
claim 2, wherein the case body is an extrusion-molded article
made of a synthetic resin.

5. The multi-optical axis photoelectric sensor according to
claim 4, wherein the case body has a closed cross section.

6. The multi-optical axis photoelectric sensor according to
claim 5, wherein the case body has a generally rectangular
cross-sectional shape having two long sides facing each other
and two short sides facing each other, and grooves are formed
on end parts of the two long sides.

7. The multi-optical axis photoelectric sensor according to
claim 2, wherein the optical component includes a plurality of
optical units, and each of the optical units has a plurality of
optical axes.
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8. The multi-optical axis photoelectric sensor according to
claim 7, wherein each of the optical units has lenses for the
respective optical axes.

9. The multi-optical axis photoelectric sensor according to
claim 7, wherein every two adjacent ones of the optical units
are separated from each other in the longitudinal direction of
the multi-optical axis photoelectric sensor.

10. The multi-optical axis photoelectric sensor according
to claim 9, wherein each of the optical units is fixed to the
metal plate with a countersunk head screw, and a screw head
of'the countersunk head screw does not project outward from
an outer plate face of the metal plate.

11. The multi-optical axis photoelectric sensor according
to claim 10, further comprising:

an optical element substrate fixed to each of the optical
units, wherein an optical element is mounted on the
optical element substrate.

12. The multi-optical axis photoelectric sensor according

to claim 9, further comprising:

a spring member arranged between every two adjacent
ones of the optical units and fixed to the metal plate,
wherein a spring lip of the spring member abuts on the
inner face of the case body.

13. A multi-optical axis photoelectric sensor comprising:

a plurality of optical axes arranged at a predetermined
pitch;

a case body formed to have an open first end and an open
second end, the case body having the same cross-sec-
tional shape in a longitudinal direction of the multi-
optical axis photoelectric sensor;

end members attached to the first end and the second end of
the case body and each formed of a molded article for
closing an opening on each of the first and second ends;
and
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an optical component for defining a spread angle of each of
the optical axes, the optical component being arranged
from the first end to the second end of the case body so
as to be separated from an inner face of the case body,
wherein the optical component and the end members are
directly or indirectly physically engaged with each other
to unrotatably position the optical component by the end
members, and a reference for positioning the optical
axes is the end members,

wherein the optical component includes a plurality of opti-

cal units, and each of the optical units has a plurality of
optical axes.

14. The multi-optical axis photoelectric sensor according
to claim 13, wherein each of the optical units has lenses for the
respective optical axes.

15. The multi-optical axis photoelectric sensor according
to claim 13, wherein every two adjacent ones of the optical
units are separated from each other in the longitudinal direc-
tion of the multi-optical axis photoelectric sensor.

16. The multi-optical axis photoelectric sensor according
to claim 15, wherein each of the optical units is fixed to the
metal plate with a countersunk head screw, and a screw head
of'the countersunk head screw does not project outward from
an outer plate face of the metal plate.

17. The multi-optical axis photoelectric sensor according
to claim 16, further comprising: an optical element substrate
fixed to each of the optical units, wherein an optical element
is mounted on the optical element substrate.

18. The multi-optical axis photoelectric sensor according
to claim 15, further comprising: a spring member arranged
between every two adjacent ones of the optical units and fixed
to the metal plate, wherein a spring lip of the spring member
abuts on the inner face of the case body.

#* #* #* #* #*



